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DATA PROCESSING METHOD AND SYSTEM
BASED ON MULTI-LEVEL CACHE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s the U.S. National Stage of
International Application No. PCT/CN2022/098669, filed
on Jun. 14, 2022, which claims priority to Chinese Patent

Application No. 202110963175.2, filed on Aug. 20, 2021,
and entitled “MULTILEVEL-CACHE-BASED DAI A
PROCESSING METHOD AND SYSTEM”, both of which

are incorporated herein by reference in their entireties.

TECHNICAL FIELD

The present application relates to the field of computer
technologies, and 1n particular, to a multilevel-cache-based
data processing method and system, a computer device, and
a computer-readable storage medium.

BACKGROUND ART

With the development of the Internet and a computer
technology, a data scale 1s increasingly large. To cope with
large-scale data writing or reading, people start to use a
multilevel cache technology, to store data with different
access Irequencies 1 different levels of caches. For an
access Irequency, a read/write speed, storage device costs,
and other factors, the different levels of caches generally use
different types of storage devices. It 1s found by the inventor
that a current multilevel cache i1s prone to performance
waste.

SUMMARY OF THE

INVENTION

Embodiments of the present application aim to provide a
multilevel-cache-based data processing method and system,
a computer device, and a computer-readable storage
medium, to solve the following problem: a current multi-
level cache 1s prone to performance waste.

An aspect of the embodiments of the present application
provides a multilevel-cache-based data processing method
applied to a server computing device. The server computing
device 1ncludes a first-level cache and a second-level cache.
The first-level cache includes a plurality of first-type storage
nodes. The second-level cache includes a plurality of sec-

ond-type storage nodes. The data processing method
includes:

selecting a target node through a current hash ring in
response to a read request;
determining whether the target node 1s any one of the
plurality of first-type storage nodes; and
if the target node 1s not any one of the plurality of
first-type storage nodes, reading, from the plurality of
second-type storage nodes, response data for respond-
ing to the read request, and returning the response data.
Optionally, the method further includes: updating the
current hash ring at a preset frequency.
Optionally, the current hash ring 1s a first hash ring.
The updating the current hash ring at a preset frequency
includes:
updating the current hash ring from the first hash ring to
a second hash ring based on a current status of each
first-type storage node.
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2

Optionally, the current status of each first-type storage
node 1ncludes a current disk status value of each first-type
storage node.

The updating the current hash ring from the first hash ring
to a second hash ring based on a current status of each
first-type storage node includes:

constructing a new hash ring;

generating the second hash ring based on the new hash

ring and the current disk status value of each first-type
storage node; and

updating the current hash ring from the first hash ring to

the second hash ring.

Optionally, the obtaining the current disk status value of
cach first-type storage node 1ncludes:

obtaining the current disk status value of each first-type

storage node based on an 10 queue and a request
latency of each first-type storage node.
Optionally, the obtaining the current disk status value of
cach first-type storage node based on an IO queue and a
request latency of each first-type storage node includes
determining whether a number of 10 queues of an i* storage
node is greater than a first preset value, where the i”” storage
node 1s any one of the plurality of first-type storage nodes,
1=1=M, 1 1s an mteger, and M 1s a number of the plurality of
first-type storage nodes;
if the number of IO queues of the i” storage node is
greater than the first preset value, decrementing a
current disk status value of the i”” storage node by 1; or

if the number of IO queues of the i” storage node is not
greater than the first preset value, obtaining a request
latency of the i storage node and

if the request latency of the i’ storage node is greater than

a second preset value, decrementing the current disk
status value of the i” storage node by 1; or

if the request latency of the i” storage node is not greater

than a second preset value, incrementing the current
disk status value of the i”” storage node by 1.

Optionally, the generating the second hash ring based on
the new hash ring and the current disk status value of each
first-type storage node 1ncludes:

separately inserting node information of the i” storage

node to N positions of the new hash ring based on the
current disk status value of the i” storage node, where
a value of N 1s equal to the current disk status value of
the i” storage node, the i” storage node is any one of
the plurality of first-type storage nodes, 1=1=M, 1 1s an
integer, and M 1s the number of the plurality of first-
type storage nodes.

Optionally, the server computing device further includes
an mternal memory. The selecting a target node through a
current hash ring in response to a read request includes:
determining, based on the read request, whether there 1s the
response data in the mternal memory; and

i1 there 1s not the response data in the internal memory,

determining the target node through the current hash
ring.

Optionally, the method further includes:

11 the target node 1s a first-type storage node, determining,

whether there 1s the response data in the target node;
and

11 there 1s the response data 1n the target node, reading the
response data from the target node; or

11 there 1s not the response data 1n the target node, reading,
the response data from the second-level cache.
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Optionally, the plurality of first-type storage nodes are
correspondingly a plurality of SSD disks. The plurality of
second-type storage nodes are correspondingly a plurality of
HDD disks.

An aspect of the embodiments of the present application °
turther provides a multilevel-cache-based data processing
system applied to a server computing device. The server
computing device includes a first-level cache and a second-
level cache. The first-level cache includes a plurality of
first-type storage nodes. The second-level cache includes a
plurality of second-type storage nodes. The data processing,
system 1ncludes:

a selection module configured to select a target node
through a current hash ring in response to a read
request;

a determiming module configured to determine whether
the target node 1s any one of the plurality of first-type
storage nodes; and

a returning module configured to: it the target node 1s not ¢
any one of the plurality of first-type storage nodes,
read, from the plurality of second-type storage nodes,
response data for responding to the read request, and
return the response data.

An aspect of the embodiments of the present application 25
turther provides a computer device, including a memory, a
processor, and computer-readable 1nstructions stored on the
memory and capable of running on the processor. When the
processor executes the computer-readable 1nstructions, the
steps of the foregoing multilevel-cache-based data process-
ing method are implemented.

An aspect of the embodiments of the present application
turther provides a computer-readable storage medium hav-
ing computer-readable mstructions stored thereon. The com-
puter-readable instructions may be executed by at least one
processor to cause the at least one processor to perform the
steps of the foregoing multilevel-cache-based data process-
ing method.

According to the multilevel-cache-based data processing 49
method and system, the device, and the computer-readable
storage medium provided in the embodiments of the present
application,

if the target node 1s not any one of the plurality of
first-type storage nodes, it indicates that there 1s pos- 45
sibly the following case. In the current hash ring, a
placeholder node (invalid node) occupies a relatively
large number of positions, and the plurality of first-type
storage nodes occupy a relatively small number of
positions. This means that the first-level cache 1s busy 350
now. Therefore, 1n this case, the read request does not
wait 1 a queue of the first-level cache, and instead, the
read request 1s directed to the second-level cache, and
the second-level cache responds. According to the
solution 1n the embodiments, a speed of responding to 55

the read request can be 1ncreased, and pressure of the
first-level cache can be reduced.
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FIG. 1 1s a diagram schematically showing an application
environment of a multilevel-cache-based data processing
method according to an embodiment of the present appli-
cation:

FI1G. 2 1s a flowchart schematically showing a multilevel- 65
cache-based data processing method according to Embodi-
ment 1 of the present application;
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FIG. 3 1s a flowchart schematically showing a newly
added step of the multilevel-cache-based data processing

method according to Embodiment 1 of the present applica-
tion;

FIG. 4 1s a diagram schematically showing substeps of
step S300 1n FIG. 3;

FIG. 5 1s a diagram schematically showing a substep of
step S402 1n FIG. 4;

FIG. 6 1s a diagram schematically showing substeps of
step S500 1n FIG. 5;

FIG. 7 1s a diagram schematically showing a substep of
step S404 1n FIG. 4;

FIG. 8 1s a diagram schematically showing substeps of
step S200 1n FIG. 2;

FIG. 9 1s a flowchart schematically showing newly added
steps of the multilevel-cache-based data processing method
according to Embodiment 1 of the present application;

FIG. 10 1s a flowchart schematically showing steps of an
application example of a multilevel-cache-based data pro-
cessing method;

FIG. 11 1s a flowchart schematically showing updating of
a hash ring in FIG. 10;

FIG. 12 1s a flowchart schematically showing substeps of
updating the hash ring 1n FIG. 11;

FIG. 13 1s a flowchart schematically showing substeps of
calculating a disk status value 1n FIG. 12;

FIG. 14 1s a block diagram schematically showing a
multilevel-cache-based data processing system according to
Embodiment 2 of the present application; and

FIG. 15 15 a schematic diagram schematically showing a
hardware architecture of a computer device suitable for
implementing a multilevel-cache-based data processing
method according to Embodiment 3 of the present applica-
tion.

DETAILED DESCRIPTION OF EMBODIMENTS

To make the objectives, technical solutions, and advan-
tages of the present application clearer and more compre-
hensible, the present application will be further described 1n
detaill with reference to the accompanying drawings and
embodiments. It should be understood that the specific
embodiments described herein are merely intended to
explain the present application, and are not intended to limat
the present application. All other embodiments obtained by
those of ordinary skill 1in the art based on the embodiments
of the present application without creative efforts shall fall

within the protection scope of the present application.

It should be noted that the descriptions related to “first”,
“second”, and the like 1n the embodiments of the present
application are merely for the illustrative purpose, and
should not be construed as indicating or implying the
relative importance thereof or implicitly indicating the num-
ber of technical features indicated. Therefore, a feature
defined by “first” or “second” may explicitly or implicitly
include at least one such feature. In addition, technical
solutions 1n various embodiments may be combined with
cach other, provided that they can be implemented by those
of ordinary skill in the art. When a combination of the
technical solutions 1ncurs conflict or cannot be implemented,
it should be considered that such a combination of the
technical solutions does not exist, and does not fall within
the claimed scope of protection of the present application
cither.

In the description of the present application, 1t should be
understood that the reference numerals of steps do not
indicate the order of execution of the steps, but are merely
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to facilitate the description of the present application and
differentiation between the steps, and thus will not be
interpreted as limiting the present application.

Terms 1n the present application are explained below.

Content delivery network (CDN) server computing
device: 1t 1s an edge server computing device deployed 1n
cach region. Through function modules of a central platform
for load balancing, content delivery, scheduling, and the
like, the CDN server computing device may enable a user to
obtain required content nearby, to reduce network conges-
tion and 1ncrease a user access response speed and a hit rate.

Solid state disk or solid state drive (SSD): 1t 1s generally
a solid state drive.

Hard disk drive (HDD): 1t 1s generally a mechanical hard
drive.

Consistent hashing/Hash ring: 1t 1s a special hash algo-
rithm for a purpose of solving a problem of a distributed
cache. When a server computing device 1s removed or
added, an existing mapping relationship between a service
request and a request processing server computing device
can be changed minimally. The hash ring may represent a
disk structure or a disk mapping of the distributed cache.

Placeholder value: 1t occupies a node 1n a consistent hash
ring, indicates a null value or an mvalid value, and 1s used
for directing overflow tratlic into an HDD.

Q value: 1t 1s an upper limit value (usually 128) of an 10
queue.

L value: 1t 1s a latency upper limit of a disk read/write task.
It 1s generally considered that exceeding this value may
allect user experience (this value 1s usually 500 millisec-
onds).

09 percentile: it is a numerical value at a 99% position
in data sorting.

10 queue: 1t 1s a task queue that 1s currently executed by
a disk.

With the development of the Internet and a computer
technology, a data scale 1s increasingly large. To cope with
large-scale data writing or reading, people start to use a
multilevel cache technology, to store data with different
access Ifrequencies in different levels of caches. For an
access Irequency, a read/write speed, storage device costs,
and other factors, the different levels of caches generally use
different types of storage devices. It 1s found by the inventor
that a current multilevel cache i1s prone to performance
waste.

For example, a three-level cache the mventor knows
includes an internal memory, an SSD level, and an HDD
level.

A process of responding to an access request 1s as follows:
The internal memory 1s traversed to query response data; 1f
query in the internal memory fails, the SSD level 1s traversed
to find the response data; and if query in the SSD level fails,
the HDD level 1s queried.

The foregoing process has the following problems.

There 1s an uncertainty as to a performance ratio of the
combined HDD level to the combined SSD level. The
tollowing factors cause the uncertainty: A number of HDDs
1s far greater than that of SSDs, some SSDs are removed due
to a failure, performance of the SSDs i1s reduced by wear,
and performance of the HDD level in which data 1s arranged
claborately 1s not lower but even higher than that of the SSD
level. Overtlow tratlic of the SSD level waits 1n a queue until
a task before the overtflow traflic 1s completed. It a specified
timeout 1s less than a waiting and execution time, perfor-
mance of the SSD level may be wasted, and user experience
may be aflected.
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In view of this, the present application aims to provide a
multilevel-cache-based data processing technology. Specifi-

cally, request traflic of the SSD level may be dynamically
adjusted based on a status of the SSD level, to ensure service
quality. For example, an 1O queue and a request latency of
cach SSD 1s periodically detected to calculate a current
status of each SSD, to adjust a consistent hash ring of the
SSD (that 1s, generate a new hash ring to replace an old hash
ring), and the new hash ring i1s used to perform cache
control, to control a proportion of the request traflic of the
SSD level.

FIG. 1 1s a schematic diagram schematically showing an
application of a multilevel-cache-based data processing
method according to Embodiment 1 of the present applica-
tion. As shown 1n the figure, a mobile terminal 2 may access
a CDN server computing device 4 through one or more
networks.

The mobile terminal 2 may be any type of computing
device, for example, a smartphone, a tablet device, or a
laptop computer. The mobile terminal 2 may access the
server computing device 4 through a browser or a special
program to obtain content, and present the content to a user.
The content may include a video, audio, a comment, text
data, and/or the like.

The one or more networks include various network
devices, for example, routers, switches, multiplexers, hubs,
modems, network bridges, repeaters, firewalls, and/or proxy
devices. The one or more networks may include physical
links, for example, coaxial cable links, twisted-pair cable
links, optical fiber links, and a combination thereof. The
network may include a wireless link, for example, a cellular
link, a satellite link, or a Wi-F1 link.

The CDN server computing device 4 may be configured
as a multilevel cache, for example,

a two-level cache that may include an HDD level and an

SSD level, or
a three-level cache that may include an HDD level, an
SSD level, and an internal memory.

The present application provides a plurality of embodi-
ments to describe the multilevel-cache-based data process-
ing technology, which 1s specifically as follows.

Embodiment 1

Embodiment 1 provides a multilevel-cache-based data
processing method. The method may be performed 1n a
server computing device (for example, the CDN server
computing device 4). The server computing device includes
a first-level cache and a second-level cache. The first-level
cache includes a plurality of first-type storage nodes. The
second-level cache includes a plurality of second-type stor-
age nodes.

As an example, the first-level cache and the second-level
cache provide differentiated services. Compared with the
second-level cache, the first-level cache may preferentially
cache data with a high access frequency, to improve service
elliciency and quality. Correspondingly, the first-type stor-
age node and the second-type storage node provide difler-
entiated read/write performance. For example, the plurality
of first-type storage nodes are correspondingly a plurality of
SSD disks; and the plurality of second-type storage nodes
are correspondingly a plurality of HDD disks.

FIG. 2 1s a flowchart schematically showing the multi-
level-cache-based data processing method according to
Embodiment 1 of the present application. As shown in FIG.
2, the multilevel-cache-based data processing method may

include steps S200 to S204.
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In step S200, a target node 1s selected through a current
hash ring in response to a read request.

A user may send the read request to the server computing
device through a mobile terminal, so as to obtain corre-
sponding data from the server computing device. For
example, the user may request the server computing device
for obtaining user data, a video, or a text.

As an example, the target node being selected through the
current hash ring may be implemented through the following
steps. In (1), a resource 1dentifier of a request file 1s obtained.
In (2), calculation 1s performed based on the resource
identifier and a preset hash algorithm to obtain a hash value.
In (3), the target node 1s determined 1n the current hash ring
based on the hash value.

In this embodiment, storage information of each first-type
storage node 1s mserted and updated to the current hash ring.
Therefore, the current hash ring may represent a current disk
mapping of each first-type storage node.

Specifically, the current hash ring corresponds to a place-
holder node and each first-type storage node. Each first-type
storage node may occupy one position (hash slot) of the
current hash ring, may occupy a plurality of positions at the
same time, or certainly, may not occupy any position. A
first-type storage node that does not occupy any position 1s
not in the current hash ring. There 1s a higher probabaility that
a first-type storage node that occupies a larger number of
positions 1s selected.

In step S202, whether the target node 1s any one of the
plurality of first-type storage nodes 1s determined.

As described above, the current hash ring corresponds to
the placeholder node. The placeholder node 1s an invalid
node. A placeholder value of the placeholder node 1s a null
value or an 1nvalid value, and 1s used for directing overtlow
traflic (some read requests) to the second-level cache.

In step S204, 1f the target node 1s not any one of the
plurality of first-type storage nodes, response data for
responding to the read request 1s read from the plurality of
second-type storage nodes, and the response data 1s returned.

If the target node 1s not any one of the plurality of
first-type storage nodes, 1t may indicate that the target node
1s a placeholder node. Therefore, the read request may be
directed to the second-level cache. The second-level cache
may query, based on the read request, whether there 1s the

e

response data inside the second-level cache. If there 1s t
response data, the response data 1s returned to the mobile
terminal; or if there 1s not the response data, failure or blank
information 1s returned, or when the server computing
device 1s configured with a third-level cache, the read
request 1s directed to the third-level cache.
According to the multilevel-cache-based data processing
method provided 1n this embodiment,
if the target node 1s not any one of the plurality of
first-type storage nodes, it indicates that there 1s pos-
sibly the following case. In the current hash ring, a
placeholder node occupies a relatively large number of
positions, and the plurality of first-type storage nodes
occupy a relatively small number of positions. This
means that the first-level cache 1s busy now. Therelore,
in this case, the read request does not wait 1n a queue
of the first-level cache, and 1nstead, the read request 1s
directed to the second-level cache, and the second-level
cache responds. According to the method in this
embodiment, a speed of responding to the read request
can be increased, and pressure of the first-level cache
can be reduced.
This embodiment 1s particularly applicable to the follow-
Ing case:
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There 1s an uncertainty as to a performance ratio of the
combined second-level cache to the combined first-level
cache. The following factors cause the uncertainty: A num-
ber of disks 1n the second-level cache 1s far greater than a
number of disks in the first-level cache, some first-type
storage nodes are removed due to a failure, performance of
some first-type storage nodes i1s reduced by wear, and
performance of the second-level cache i which data 1s
arranged elaborately 1s not lower but even higher than that
of the first-level cache.

In this case, 11 the first-level cache 1s busy, the read request
still waits 1n a queue until a task betfore the read request 1s
completed. After the task before the read request 1s com-
pleted, the first-level cache performs query and responding.
This may certainly reduce the response speed.

In this case, the read request may be directly directed to
the second-level cache, and the second-level cache responds
quickly.

It should be noted that in this embodiment, the read
request 1s directed to the second-level cache only when it 1s
determined that the target node i1s not any one of the
first-type storage nodes in the first-level cache, so that
performance waste of the first-level cache 1s avoided, for
example, performance waste caused 1n the following man-
ner. A timeout of directing to the second-level cache 1s set,
which may be less than waiting and execution time, resulting
in performance waste of a first-level cache.

The following provides some optional solutions.

As an example, the method may further include: updating
the current hash ring at a preset frequency. In this embodi-
ment, the current hash ring 1s periodically updated to obtain
a latest status of each first-type storage node in the first-level
cache, so as to mmprove ellectiveness ol selection. For
example, an idler first-type storage node occupies a larger
number of positions in the current hash ring, so that the
first-type storage node 1s more likely to be selected. Corre-
spondingly, a busier first-type storage node occupies a
smaller number of positions in the current hash ring, so that
the first-type storage node 1s more unlikely to be selected.

As an example, the current hash ring 1s a first hash ring.
As shown m FIG. 3, updating the current hash ring at the
preset frequency may be implemented through the following
operation. In step S300, the current hash ring 1s updated
from the first hash ring to a second hash ring based on a
current status of each first-type storage node. In this embodi-
ment, the current status may be a working status of the
corresponding first-type storage node. Updating the current
hash ring 1s updating, based on a working status of each
first-type storage node, a probability that each first-type
storage node 1s selected.

As an example, the current status of each first-type storage
node 1ncludes a current disk status value of each first-type
storage node. A disk status value of each first-type storage
node when the server computing device starts a service may
be an 1nitial value S0 or another value. As shown 1n FIG. 4,
the current hash ring being updated from the first hash ring
to the second hash ring based on the current status of each
first-type storage node may be implemented through the
following operations. In step S400, a new hash ring 1is
constructed. In step S402, the current disk status value of
cach first-type storage node i1s obtained. In step S404, the
second hash ring 1s generated based on the new hash ring
and the current disk status value of each first-type storage
node. In step S406, the current hash ring 1s updated from the
first hash ring to the second hash ring. It should be noted that
the new hash ring 1s further inserted with a placeholder value
after step S400 1s performed. In this embodiment, the new
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hash ring may be eflectively constructed, so that the target
node can be more eflectively selected based on an actual
situation.

As an example, as shown 1n FIG. 5, the current disk status
value of each first-type storage node being obtained may be
implemented through the following operation. In step S500,
the current disk status value of each first-type storage node
1s obtained based on an IO queue and a request latency of
cach first-type storage node. In this embodiment, the work-
ing status ol each first-type storage node (for example,
whether the first-type storage node 1s busy) may be deter-
mined based on the 10 queue, the request latency, and the
like, so as to more eflectively update the current disk status
value of each first-type storage node to obtain a more
cllective new hash rning (that 1s, the second hash ring).
Therefore, effectiveness of the second hash ring 1s ensured,
and response efliciency 1s improved.

As an example, as shown 1n FIG. 6, the current disk status
value of each first-type storage node being obtained based
on the IO queue and the request latency of each first-type
storage node may be implemented through the following
operations. In step S600, whether a number of 10 queues of
an i” storage node is greater than a first preset value is
determined, where the i” storage node is any one of the
plurality of first-type storage nodes, 1=1=M, 1 1s an integer,
and M 1s a number of the plurality of first-type storage
nodes. In step S602, if the number of 10 queues of the i”
storage node 1s greater than the first preset value, a current
disk status value of the i” storage node is decremented by 1.
In step S604, if the number of IO queues of the i storage
node 1s not greater than the first preset value, a request
latency of the i”” storage node is obtained. In step S606, if the
request latency of the i” storage node is greater than a
second preset value, the current disk status value of the i”
storage node 1s decremented by 1. In step S608, if the
request latency of the i” storage node is not greater than a
second preset value, the current disk status value of the i”
storage node 1s incremented by 1. In this embodiment, 11 an
initial disk status of the i’ storage node is set to 50, the first
preset value may be 100, and the second preset value may
be 0. Based on the foregoing content, each time the current
hash ring is updated, the current disk status value of the i”*
storage node may be incremented by 1, may be decremented
by 1, or remain unchanged. Such an increment or a decre-
ment 1s performed based on a disk status value 1n a previous
pertod. Such gradual adjustment based on the previous
period ensures stability of the current hash ring and data
processing stability.

As an example, as shown 1n FIG. 7, the second hash ring
being generated based on the new hash ring and the current
disk status value of each first-type storage node may be
implemented through the following operation. In step S700,
node information of the i” storage node is separately
inserted to N positions of the new hash ring based on the
current disk status value of the i’ storage node, where a
value of N is equal to the current disk status value of the i”*
storage node, the i” storage node is any one of the plurality
of first-type storage nodes, 1=1=M, 1 1s an integer, and M 1s
the number of the plurality of first-type storage nodes. In this
embodiment, a larger current disk status value of the i”
storage node indicates that the i’ storage node is idler.
Therefore, the i” storage node occupies a larger number of
positions in the hash ring. When a read request 1s received,
the i”” storage node is more likely to be selected for full use
in providing a response service.

As an example, the server computing device 1s configured
with a three-level cache, that 1s, includes an internal
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memory, a first-level cache, and a second-level cache. As
shown 1n FIG. 8, the target node being selected through the
current hash ring in response to the read request may be
implemented through the following operations. In step
S800, whether there 1s the response data in the internal
memory 1s determined based on the read request. In step
S802, 1f there 1s not the response data in the internal
memory, the target node 1s determined through the current
hash ring. In this embodiment, data with a highest access
frequency may be stored in the internal memory, so that the
server computing device can respond to the read request of
the user more quickly.

As an example, as shown 1n FIG. 9, the method may
turther include the following steps. In step S900, 11 the target
node 1s a first-type storage node, whether there 1s the
response data 1n the target node 1s determined. In step S902,
il there 1s the response data in the target node, the response
data 1s read from the target node. In step S904, if there 1s not
the response data in the target node, the response data 1s read
from the second-level cache. In this embodiment, when
there 1s not the response data in the target node, the read
request 1s directed to the second-level cache, and the second-
level cache responds. In this way, a user requirement 1s met,
and user experience 1s improved.

For ease of understanding, the following provides an
application example with reference to FIG. 10.

The application example 1s used 1n a CDN server com-
puting device. The CDN server computing device includes
an 1mternal memory, an SSD level, and an HDD level. The
internal memory may include a volatile storage medium
with high-speed access performance, for example, a RAM.
The SSD level includes a plurality of SSDs. The SDD level
includes a plurality of mechanical hard drives.

In S1000, the CDN server computing device starts a
read/write service, and 1nitializes each SSD 1n the SSD level.

For example, a disk status value of each SSD may be set
to an 1nitial value 50 when the service 1s started. It should be
noted that the disk status value of each SSD may be used as
a basis for subsequent hash value update.

In S1002, the CDN server computing device receives a
read request sent by a user.

In S1004, the CDN server computing device determines,
based on the read request, whether there 1s response data in
the internal memory. If there 1s the response data in the
internal memory, step S1006 1s performed; or 11 there 1s not
the response data in the internal memory, step S1008 1s
performed.

In S1006, the response data 1s read from the internal
memory, and the response data 1s returned to the user. The
process ends.

In S1008, the CDN server computing device determines
a target node through a current hash ring.

The current hash ring 1s used for representing a disk
structure or a disk mapping of the CDN server computing,
device.

In S1010, the CDN server computing device determines
whether the target node 1s an SSD.

If the target node 1s an SSD), step S1012 1s performed; or
i the target node 1s not an SSD, step S1016 1s performed.
The hash ring includes a placeholder node. If the target
node 1s the placeholder node, it 1s determined that the target
node 1s not an SSD.

In S1012, the CDN server computing device determines
whether there 1s the response data in the target node.

I1 there 1s the response data 1n the target node, step S1014
1s performed; or 11 there 1s not the response data 1n the target
node, step S1016 1s performed.
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In S1014, the CDN server computing device reads the
response data from the target node, and returns the response
data. The process ends.

In S1016, the CDN server computing device queries
whether there 1s the response data in the HDD level.

If there 1s the response data 1n the HDD level, step S1018

1s performed; or 11 there 1s not the response data 1n the HDD
level, a response failure 1s returned. The process ends.

In 51018, the CDN server computing device reads the
response data from the HDD level, and returns the response
data. The process ends.

As shown 1n FIG. 11, the CDN server computing device
starts the read/write service, and updates the current hash
ring at a preset period through the following operations.

In S1100, the disk status value of each SSD 1s set to the
initial value 50.

In S1102, the hash ring 1s updated at the preset period, to
update the current hash ring.

As shown i FIG. 12, for example, one update of the
current hash ring may include the following steps.

In S1200, a new hash ring 1s constructed.

In S1202, a placeholder value 1s inserted into the new
hash ring.

In S1204, an SSD list 1s obtained.

In S1206, an i”” SSD is selected, where 1 is initially 1, and
1 1s a positive integer.

In S1208, a disk status value of the i”” SSD is calculated.
In S1210, the disk status value of the i”* SSD is assigned
to k, where k 1s a variable. A larger value of k indicates a
larger number of times of 1nserting disk information of the
i”” SSD into the new hash ring and a higher probability that
the i”” SSD is selected.

In S1212, whether k 1s greater than 0 1s determined. If k
1s greater than O, step S1214 1s performed; or 1f k 1s not
greater than O, step S1218 15 performed.

In S1214, the disk mformation (for example, a disk
identifier) of the i’ SSD is inserted into the new hash ring.

In S1216, k 1s decremented by 1, and the process goes
back to step S1212.

In S1218, whether the i” SSD is a last SSD in the SSD list

1s determined.

If the i”” SSD is not the last SSD in the SSD list, a value
of 1 1s updated, and the process goes back to step S1206; or
if the i”” SSD is the last SSD in the SSD list, step S1220 is
performed.

In S1220, after disk information of each SSD 1n the SSD
l1st 15 1nserted into the new hash ring through steps S1206 to
S1218, an obtained final new hash ring (that 1s, a second
hash ring) 1s loaded as the current hash ring.

As shown in FIG. 13, the disk status value of the i”# SSD
being calculated in step S1208 may include the following
steps.

In S1300, an 10 queue, for example, an average 10 queue
within a period of time, of the i”” SSD is obtained.

In S1302, whether a number of 10 queues 1s greater than
a Q value 1s determined. The Q value 1s a preset upper limait
value of the 10 queue.

If the number of 10 queues 1s greater than the Q value,
step S1310 1s performed; or 11 the number of 10 queues 1s not

greater than the QQ value, step S1304 15 performed.
In S1304, a 99th percentile latency of the i”” SSD is

obtained.

In S1306, whether the 99th percentile latency of the i”
SSD 1s greater than an L value 1s determined. The L value
1s a preset latency upper limit value of a disk read/write task.
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If the 99th percentile latency of the i”” SSD is greater than
the L value, step S1310 15 performed; or 1f the 99th percen-
tile latency of the i SSD is not greater than the L value,
S1308 1s performed.

In S1308, the disk status value of the i SSD is incre-

mented by 1, to obtain a current disk status value.

It should be noted that a maximum value of the current
disk status value 1s 100.

In S1310, the disk status value of the i”” SSD is decre-

mented by 1, to obtain the current disk status value.
It should be noted that a minimum value of the current
disk status value 1s O.

Embodiment 2

FIG. 14 1s a block diagram schematically showing a
multilevel-cache-based data processing system according to
Embodiment 2 of the present application. The data process-
ing system 1s applied to a server computing device. The
server computing device includes a first-level cache and a
second-level cache. The first-level cache includes a plurality
of first-type storage nodes. The second-level cache includes
a plurality of second-type storage nodes. The multilevel-
cache-based data processing system may be divided into one
or more program modules, and the one or more program
modules are stored 1n a storage medium and executed by one
Oor more processors, to implement the embodiments of the
present application. The program modules referred to 1n the
embodiments of the present application refer to a series of
computer-readable instruction segments capable of imple-
menting a specific function. The functions of various pro-
gram modules 1 the embodiments will be specifically
described in the following descriptions.

As shown in FIG. 14, the multilevel-cache-based data

processing system 1400 may include a selection module
1410, a determining module 1420, and a returning module

1430.

The selection module 1410 1s configured to select a target
node through a current hash ring in response to a read
request;

the determining module 1420 1s configured to determine

whether the target node 1s any one of the plurality of
first-type storage nodes; and

the returning module 1430 1s configured to: if the target

node 1s not any one of the plurality of first-type storage
nodes, read, from the plurality of second-type storage
nodes, response data for responding to the read request,
and return the response data.

Optionally, the system further includes a hash ring updat-
ing module (not shown 1n the figure). The hash ring updating
module 1s configured to: update the current hash ring at a
preset frequency.

Optionally, the current hash ring 1s a first hash ring. The
hash ring updating module 1s further configured to:

update the current hash ring from the first hash ring to a

second hash ring based on a current status of each
first-type storage node.

Optionally, the current status of each first-type storage
node 1ncludes a current disk status value of each first-type
storage node. The hash ring updating module 1s further
configured to:

construct a new hash ring;

insert a placeholder value into the new hash ring;

obtain the current disk status value of each first-type

storage node;
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generate the second hash ring based on the new hash ring
and the current disk status value of each first-type

storage node; and

update the current hash ring from the first hash ring to the

second hash ring.

Optionally, the hash ring updating module 1s further
configured to:

obtain the current disk status value of each first-type

storage node based on an 10 queue and a request
latency of each first-type storage node.

Optionally, the hash ring updating module i1s further
configured to:

determine whether a number of IO queues of an i” storage

node is greater than a first preset value, where the i”
storage node 1s any one of the plurality of first-type
storage nodes, 1=1=M, 1 1s an integer, and M 1s a
number of the plurality of first-type storage nodes;

if the number of 10 queues of the i storage node is

greater than the first preset value, decrement a current
disk status value of the i” storage node by 1; or

if the number of IO queues of the i storage node is not

greater than the first preset value, obtain a request
latency of the i” storage node; and

if the request latency of the 1 storage node is greater than

a second preset value, decrement the current disk status
value of the i” storage node by 1; or

if the request latency of the i”” storage node is not greater

than a second preset value, increment the current disk
status value of the i’ storage node by 1.

Optionally, the hash ring updating module 1s further
configured to:

separately insert node information of the i storage node

to N positions of the new hash ring based on the current
disk status value of the i” storage node, where a value
of N is equal to the current disk status value of the i
storage node, the i” storage node is any one of the
plurality of first-type storage nodes, 1=1=M, 1 1s an
integer, and M 1s the number of the plurality of first-
type storage nodes.

Optionally, the server computing device further includes
an internal memory. The selection module 1410 1s further
configured to:

determine, based on the read request, whether there 1s the

response data in the mternal memory; and

if there 1s not the response data 1n the internal memory,

determine the target node through the current hash ring.

Optionally, the returning module 1430 1s further config-
ured to:

if the target node 1s a first-type storage node, determine

whether there 1s the response data 1n the target node;
and

if there 1s the response data in the target node, read the

response data from the target node; or

if there 1s not the response data 1n the target node, read the

response data from the second-level cache.

Optionally, the plurality of first-type storage nodes are
correspondingly a plurality of SSD disks. The plurality of

second-type storage nodes are correspondingly a plurality of
HDD disks.

Embodiment 3

FIG. 15 1s a schematic diagram schematically showing a
hardware architecture of a computer device 10000 suitable
for implementing a multilevel-cache-based data processing
method according to Embodiment 3 of the present applica-
tion. In this embodiment, the computer device 10000 may be
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a server computing device 4 or a part of a CDN server
computing device 4. In this embodiment, the computer
device 10000 may be a device capable of automatically
performing numerical calculation and/or mformation pro-
cessing according to preset or prestored instructions. For
example, the computer device may be a rack server com-
puting device, a blade server computing device, a tower
server computing device, or a cabinet server computing
device (including an independent server computing device
or a server computing device cluster including a plurality of
server computing devices). As shown 1n FIG. 15, the com-
puter device 10000 includes, but 1s not limited to a memory
10010, a processor 10020, and a network interface 10030
that may be communicatively linked to each other through
a system bus.

The memory 10010 includes at least one type of com-
puter-readable storage medium. The readable storage
medium 1ncludes a tlash memory, a hard disk, a multimedia
card, a card-type memory (for example, an SD or DX
memory), a random access memory (RAM), a static random
access memory (SRAM), a read-only memory (ROM), an
clectrically erasable programmable read-only memory (EE-
PROM), a programmable read-only memory (PROM), a
magnetic memory, a magnetic disk, an optical disc, and the
like. In some embodiments, the memory 10010 may be an
internal storage module of the computer device 10000, for
example, a hard disk or an internal memory of the computer
device 10000. In some other embodiments, the memory
10010 may alternatively be an external storage device of the
computer device 10000, for example, a plug-in hard disk, a
smart media card (SMC for short), a secure digital (SD for
short) card, or a flash card on the computer device 10000.
Certainly, the memory 10010 may alternatively include both
an 1nternal storage module and an external storage device of
the computer device 10000. In this embodiment, the
memory 10010 1s generally configured to store an operating
system and various types of application software 1nstalled on
the computer device 10000, for example program code for
the multilevel-cache-based data processing method. In addi-
tion, the memory 10010 may be further configured to
temporarily store various types of data that have been output
or are to be output.

In some embodiments, the processor 10020 may be a
central processing unit (CPU for short), a controller, a
microcontroller, a microprocessor, or another data process-
ing chip. The processor 10020 1s generally configured to
control overall operation of the computer device 10000, for
example, execute control, processing, and the like related to
data interaction or commumnication with the computer device
10000. In this embodiment, the processor 10020 1s config-
ured to run program code stored in the memory 10010 or to
process data.

The network interface 10030 may include a wireless
network interface or a wired network interface. The network
interface 10030 1s generally configured to establish a com-
munication link between the computer device 10000 and
another computer device. For example, the network inter-
face 10030 1s configured to connect the computer device

10000 to an external terminal through a network, and
establish a data transmission channel, a communication link,
and the like between the computer device 10000 and the
external terminal. The network may be a wireless or wired
network, for example, Intranet, Internet, the Global System
for Mobile Communications (GSM for short), wideband
code division multiple access (WCDMA {for short), a 4G
network, a 5G network, Bluetooth, or Wi-Fi.
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It should be noted that FIG. 15 shows only a computer
device having components 10010 to 10030. However, 1t

should be understood that not all of the shown components
are required to be implemented, and more or fewer compo-
nents may be implemented instead.

In this embodiment, the multilevel-cache-based data pro-
cessing method stored 1n the memory 10010 may alterna-
tively be divided into one or more program modules and
executed by one or more processors (the processor 10020 1n
this embodiment) to implement this embodiment of the
present application.

Embodiment 4

The present application further provides a computer-
readable storage medium applied to a server computing
device. The server computing device includes a first-level
cache and a second-level cache. The first-level cache
includes a plurality of first-type storage nodes. The second-

level cache includes a plurality of second-type storage
nodes. Computer-readable instructions are stored on the
computer-readable storage medium. When the computer-
readable instructions are executed by a processor, the fol-
lowing steps are implemented:
selecting a target node through a current hash ring in
response to a read request;
determining whether the target node 1s any one of the
plurality of first-type storage nodes; and
if the target node 1s not any one of the plurality of
first-type storage nodes, reading, from the plurality of
second-type storage nodes, response data for respond-
ing to the read request, and returning the response data.
In this embodiment, the computer-readable storage
medium 1ncludes a flash memory, a hard disk, a multimedia
card, a card-type memory (for example, an SD or DX
memory), a random access memory (RAM), a static random
access memory (SRAM), a read-only memory (ROM), an
clectrically erasable programmable read-only memory (EE-
PROM), a programmable read-only memory (PROM), a
magnetic memory, a magnetic disk, an optical disc, and the
like. In some embodiments, the computer-readable storage
medium may be an internal storage unit of a computer
device, for example, a hard disk or an internal memory of the
computer device. In some other embodiments, the computer-
readable storage medium may alternatively be an external
storage device of a computer device, for example, a plug-in
hard disk, a smart media card (SMC for short), a secure

digital (SD for short) card, or a flash card on the computer
device. Certainly, the computer-readable storage medium
may alternatively include both an internal storage unit and
an external storage device of a computer device. In this
embodiment, the computer-readable storage medium 1s gen-
erally configured to store an operating system and various
types of application software installed in the computer
device, for example, program code for the multilevel-cache-
based data processing method 1n this embodiment. In addi-
tion, the computer-readable storage medium may be further
configured to temporarily store various types of data that
have been output or are to be output.

It 1s clear to those skilled in the art that the various
modules or steps 1n the above embodiments of the present
application may be implemented by a general-purpose com-
puting apparatus, and may be centralized on a single com-
puting apparatus or distributed on a network formed by a
plurality of computing apparatuses. Optionally, the various
modules or steps may be implemented by using program
code executable by the computing apparatus, such that they

10

15

20

25

30

35

40

45

50

55

60

65

16

may be stored in a storage apparatus and executed by the
computing apparatus, and 1n some cases, the steps shown or
described may be performed 1n a sequence different from
that described herein, or they may be respectively fabricated
into various integrated circuit modules, or a plurality of
modules or steps thereof may be implemented as a single
integrated circuit module. In this way, the embodiments of
the present application are not limited to any specific com-
bination of hardware and software.

It should be noted that, the technical solutions of the
present application 1s mainly/specifically aimed at optimi-
zation of a Web player based on DASH streaming media. In
addition, the foregoing descriptions are merely preferred
embodiments of the present application, and are not
intended to limit the patent protection scope of the present
application. Any transformation of equivalent structures or
equivalent processes that 1s made using the contents of the
description and accompanying drawings ol the present
application, or any direct or indirect application thereof 1n
other related technical fields shall equally fall within the
patent protection scope of the present application.

What 1s claimed 1s:

1. A method of processing data based on multilevel
caches, applied to a server computing device, wherein the
server computing device comprises a first-level cache and a
second-level cache, wherein the first-level cache comprises
a plurality of first-type storage nodes, wherein the second-
level cache comprises a plurality of second-type storage
nodes, and wherein the method comprises:

identifying a target node based on a current hash ring in

response to receiving a read request;

determining whether the target node 1s any one of the

plurality of first-type storage nodes;

in response to determining that the target node 1s not any

one of the plurality of first-type storage nodes, reading
response data from the second-level cache, wherein the
response data comprises data for responding to the read
request; and

transmitting the response data in response to the read

request.

2. The method according to claim 1, further comprising:

updating the current hash ring at a predetermined ire-

quency.

3. The method according to claim 1, wherein the current
hash ring 1s a first hash ring; and wherein the method
COmMprises:

updating the current hash ring from the first hash ring to

a second hash ring based on a current status of each of
the plurality of first-type storage nodes.

4. The method according to claim 3, wherein the current
status of each of the plurality of first-type storage nodes
comprises a current disk status value of each of the plurality
of first-type storage nodes; and wherein the updating the
current hash ring from the first hash ring to a second hash
ring based on a current status of each of the plurality of
first-type storage nodes comprises:

constructing a new hash ring;

determiming the current disk status value of each of the

plurality of first-type storage nodes;

generating the second hash ring based on the new hash

ring and the current disk status value of each of the
plurality of first-type storage nodes; and

updating the current hash ring from the first hash ring to

the second hash ring.

5. The method according to claim 4, wherein the deter-
mining the current disk status value of each of the plurality
of first-type storage nodes comprises:
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determining the current disk status value of each of the
plurality of first-type storage nodes based on 10 queues
of each of the plurality of first-type storage nodes and
a request latency of each of the plurality of first-type
storage nodes.

6. The method according to claim 4, wherein the deter-
mimng the current disk status value of each of the plurality
of first-type storage nodes comprises:

determining whether a number of IO queues of an i”

storage node 1s greater than a first predetermined value,
wherein the i” storage node is any one of the plurality
of first-type storage nodes, 1=1=M, 1 1s an integer, and
M represents a number of the plurality of first-type
storage nodes;

decrementing a current disk status value of the i’ storage

node by 1 1n response to determining that the number
of 10 queues of the i” storage node is greater than the
first predetermined value;

obtaining a request latency of the i’ storage node in

response to determining that the number of 10 queues
of the i” storage node is not greater than the first
predetermined value;

decrementing the current disk status value of the i”

storage node by 1 1n response to determining that the
request latency of the i’ storage node is greater than a
second predetermined value; and

incrementing the current disk status value of the i”

storage node by 1 1n response to determining that the
request latency of the i” storage node is not greater than
the second predetermined value.
7. The method according to claim 4, wherein the gener-
ating the second hash ring based on the new hash ring and
the current disk status value of each of the plurality of
first-type storage nodes comprises:
inserting node information of an i” storage node to N
positions of the new hash ring based on the current disk
status value of the i” storage node, wherein a value of
N is equal to the current disk status value of the i”
storage node, the i’ storage node is any one of the
plurality of first-type storage nodes, 1=1=M, 1 1s an
integer, and M represents a number of the plurality of
first-type storage nodes.
8. The method according to claim 1, wherein the server
computing device further comprises an internal memory;
and wherein the 1dentifying a target node based on a current
hash ring 1n response to receiving a read request comprises:
determining whether there 1s the response data in the
internal memory based on the read request; and

determining the target node based on the current hash ring
in response to determining that there 1s not the response
data in the internal memory.

9. The method according to claim 1, further comprising:

in response to determining that the target node i1s one of

the plurality of first-type storage nodes, determining
whether there 1s the response data in the one of the
plurality of first-type storage nodes;

in response to determining that there 1s the response data

in the one of the plurality of first-type storage nodes,
reading the response data from the one of the plurality
of first-type storage nodes; and

in response to determining that there 1s not the response

data 1n the one of the plurality of first-type storage
nodes, reading the response data from the second-level
cache.

10. The method according to claim 1,

wherein the plurality of first-type storage nodes corre-

spond to a plurality of SSD disks; and
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wherein the plurality of second-type storage nodes cor-

respond to a plurality of HDD disks.

11. A system of processing data based on multilevel
caches, applied to a server computing device, wherein the
server computing device comprises a first-level cache and a
second-level cache, wherein the first-level cache comprises
a plurality of first-type storage nodes, wherein the second-
level cache comprises a plurality of second-type storage
nodes, and wherein the system comprises a processor and a
memory, the memory storing computer-readable mnstructions
that upon execution by the processor cause the processor to
implement operations comprising:

identifying a target node based on a current hash ring in

response to receiving a read request;

determiming whether the target node 1s any one of the

plurality of first-type storage nodes;

reading response data from the second-level cache 1n

response to determining that the target node 1s not any
one of the plurality of first-type storage nodes, wherein
the response data comprises data for responding to the
read request; and

transmitting the response data in response to the read

request.

12. The system according to claim 11, wherein the opera-
tions further comprise:

updating the current hash ring at a predetermined fre-

quency.

13. The system according to claim 11, wherein the current
hash ring 1s a first hash ring; and wherein operations further
comprise:

updating the current hash ring from the first hash ring to

a second hash ring based on a current status of each of
the plurality of first-type storage nodes.

14. The system according to claim 13, wherein the current
status of each of the plurality of first-type storage nodes
comprises a current disk status value of each of the plurality
of first-type storage nodes; and wherein updating the current
hash ring from the first hash ring to a second hash ring based
on a current status of each of the plurality of first-type
storage nodes comprises:

constructing a new hash ring;

determining the current disk status value of each of the

plurality of first-type storage nodes;

generating the second hash ring based on the new hash

ring and the current disk status value of each of the
plurality of first-type storage nodes; and

updating the current hash ring from the first hash ring to

the second hash ring.

15. The system according to claim 14, wherein operations
further comprise:

determining the current disk status value of each of the

plurality of first-type storage nodes based on 10 queues
of each of the plurality of first-type storage nodes and
a request latency of each of the plurality of first-type
storage nodes.

16. The system according to claim 14, wherein the deter-
mining the current disk status value of each of the plurality
of first-type storage nodes further comprises:

determining whether a number of 10 queues of an i”

storage node 1s greater than a first predetermined value,

wherein the i” storage node is any one of the plurality
of first-type storage nodes, 1=1=M, 1 1s an integer, and
M represents a number of the plurality of first-type
storage nodes;
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decrementing a current disk status value of the i” storage
node by 1 1n response to determining that the number
of IO queues of the i” storage node is greater than the

first predetermined value;

obtaining a request latency of the i’ storage node in
response to determining that the number of 10 queues
of the i”" storage node is not greater than the first
predetermined value;

decrementing the current disk status value of the i”

storage node by 1 1n response to determining that the
request latency of the i storage node is greater than a
second predetermined value; and

incrementing the current disk status value of the 1

storage node by 1 1n response to determining that the
request latency of the 1" storage node is not greater than
the second predetermined value.
17. The system according to claim 14, wherein the gen-
erating the second hash ring based on the new hash ring and
the current disk status value of each of the plurality of
first-type storage nodes further comprises:
inserting node information of an i” storage node to N
positions of the new hash ring based on the current disk
status value of the i” storage node, wherein a value of
N is equal to the current disk status value of the i
storage node, the i’ storage node is any one of the
plurality of first-type storage nodes, 1=S1=M, 1 1s an
integer, and M represents a number of the plurality of
first-type storage nodes.
18. The system according to claim 11, wherein the server
computing device further comprises an internal memory;
and wherein the 1dentifying a target node based on a current
hash ring 1n response to receiving a read request comprises:
determining whether there 1s the response data in the
internal memory based on the read request; and

determining the target node based on the current hash ring
in response to determining that there 1s not the response
data in the internal memory.

19. A non-transitory computer-readable storage medium,
storing computer-readable instructions executable by a

th
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server computing device, wheremn the server computing
device comprises a first-level cache and a second-level
cache, wherein the first-level cache comprises a plurality of
first-type storage nodes, wherein the second-level cache
comprises a plurality of second-type storage nodes, and
wherein the computer-readable 1nstructions, when executed
by the server computing device, cause the server computing
device to perform operations comprising:

identifying a target node based on a current hash ring 1n

response to recerving a read request;

determining whether the target node 1s any one of the

plurality of first-type storage nodes;

reading response data from the second-level cache 1n

response to determining that the target node 1s not any
one of the plurality of first-type storage nodes, wherein
the response data comprises data for responding to the
read request; and

transmitting the response data in response to the read

request.

20. The non-transitory computer-readable storage
medium according to claim 19, the operations turther com-
prising;:

updating the current hash ring from a first hash ring to a

second hash ring based on a current status of each of the
plurality of first-type storage nodes, wherein the current
status of each of the plurality of first-type storage nodes
comprises a current disk status value of each of the
plurality of first-type storage nodes, and wherein the
updating the current hash ring from a first hash ring to
a second hash ring further comprises:

constructing a new hash ring,

determining the current disk status value of each of the

plurality of first-type storage nodes,

generating the second hash ring based on the new hash

ring and the current disk status value of each of the
plurality of first-type storage nodes, and

updating the current hash ring from the first hash ring to

the second hash ring.
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